Machining damage in hot pressed (NC132) silicon nitride, due to surface grinding and polishing, has been simulated by dragging a Knoop indentor across the surface of optically polished samples. The reflection coefficient of the cracks thus generated was measured versus frequency, and was found to be in excellent agreement with the theoretical calculations of Achenbach and Brind. 1 We found that the long slot-like cracks were closed at the top (about 20% of the total crack depth), which was due to the residual stress introduced when the samples were scratched. By taking into consideration the crack closure, and with the results of our scattering measurements, we were able to make failure stress predictions with an accuracy of better than 10%.
to generate a subsurface crack of the required lateral extent.
From the results of this work, we find that the fracture mechanism developed in reference 2 still holds. Namely, the long slot-like cracks are closed at the crack mouth due to residual stress, and when the samples are stressed to fracture, a single half-penny shaped crack grows from the precrack and leads to failure. The cracks observed on a fracture surface are shown schematically in Fig. l(a) , and an actual photograph of a fracture surface is shown in Fig. l(b) . Notice that there is evidence of stable crack growth from the pre crack to a half-penny shaped crack. For a pre crack depth Co ' the sample will break when the half-penny shaped crack reaches a depth Cd' The crack at fracture is elliptical in shape and has a semi-major axis parallel to the surface of length Ct' Typically, Ct/C d is equal to 3. We find that the fracture stress is given by:
where K IC is the fracture toughness of the material (K IC 4.7 MPal; for hot pressed Si 3 N 4 ) and a experimentally we find the simple relationship:
We see then that our measurement technique has to address the problem of sizing a long, slot-like subsurface crack.
The theoretical reflection coefficient of long, slot-like, subsurface cracks to a surface acoystic wave has already been calculated by Achenbach and Brind. Figure 2 shows the result of their calculation for three cracks with different closure depth at the mouth of the crack, versus crack depth. For the cracks under consideration in this work, the different closure depths would correspond to different amounts of surface residual stress. Notice that at low kb ( Fig. 2) , the reflection coefficient of the cracks is quite different which makes it possible to measure the depth of the contact area at the crack mouth, and possibly the residual stress.
We use an immersion pulse-echo technique to measure the reflection coefficient of the cracks as described in reference 2. Basically, a longitudinal transducer operating at a center frequency of SO MHz is incident on the sample at the critical angle for Rayleigh wave excitation. If no crack is present in the sample, the Rayleigh wave which is leaky due to the presence of the water, reradiates its energy back into the water as a longitudinal wave. If a crack is present on the sample, a reflected leaky Rayleigh wave sends its energy back to the transducer which detects the presence of the crack. a crack front at instability Fig. 1 . Cracks on a machining damage fracture surface.
(a) Schematic representation, (b) actual photograph. The transducer is excited with a sharp pulse in order to obtain a broadband excitation spectrum. The reflection coefficient of the crack is measured versus frequency, along with the refelction coefficient of a 90 0 corner. The corner reflection is used to divide out the frequency response of the transducer, electronics 4 and propagation path by standard Wiener filtering techniques. Figure 3 shows the result of one such measurement. Our measurements are made in the region of low kb, and we notice the presence of a null in the measured reflection coefficient that corresponds to a null in the theory for the case of (a/b) = 0.2 , and occurs at kb = 1.25. The null observed is not due to a resonance phenomena, it is due to the destructive addition of the reflected shear and longitudinal components of the surface wave.
Scratches made with six different loads on the Knoop indentor, as shown schematically in Fig. 4 , were used in our experiments. All the measurements showed nulls in the reflection coefficient of the cracks corresponding to kb = 1.25 , and alb = 0.2. Thus, knowing the frequency of the null, and the surface wave velocity on the sample, it is possible to calculate the precrack depth b. Figure 5 shows a graph of the acoustically predicted pre crack sizes as compared to the actual crack sizes measured on the fracture surface. We find that we consistently underestimate the crack size because, as seen in Fig. 1 , the actual cracks are not uniform in depth, and we actually measure an average crack size seen by a beam width of 1 mm. If better accuracy is needed, it is possible to use a focused acoustic beam to reduce the size averaging we encounter with a 1 mm beam width.
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Using the fracture mechanics model developed earlier, we calculate the predicted fracture stress and compare it to the actual fracture stress, with the results shown in Fig. 6 . Notice that we have excellent agreement between our prediction and actual fracture. The reduction in error in fracture stress prediction over crack sizing is due to the square root dependence of the fracture stress on crack size. We conclude that by measuring the reflection coefficient of subsurface cracks versus frequency it is possible to make accurate prediction of crack sizes and failure stress, which will be quite helpful in determining the extent of machining damge in brittle materials.
